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ABSTRACT 


. , Seasonal retail demand for fresh apples was estimated for 1963/64-1969/70 
with linear regressions of U.S. average monthly retail prices on monthly net 
per ca P L ta fresh movement. After remaining essentially unchanged from 1963/64 
through 1965/66, demand increased during 1966/67-1968/69. ‘ By 1968/69 a given 
level of per capita consumption was maintained at a price about 3 cents a 
pound higher (deflated) than in 1963/64. The apparent, sharp decrease in de- 
mand that followed in 1969/70 probably reflected lower quality more than a real 
c ange in demand. Intraseasonal demand was presented in terms of price flexi- 
bilities calculated at four levels of net movement. These levels represented 
average net movement in each of four 3-month time periods. Flexibilities trend 

o ™ W r d . dUrin ? thG SeVen seasons studied. By 1968/69, they ranged from 
-0.3727 in September-November to -0.0431 in June-August. Total retail revenue 
would have been increased by additional movement in all time periods and also 
y reallocating supplies from fall and winter to spring and summer. 

Keywords: Apples, demand, price flexibility. 


PREFACE 

This publication reports on part of a larger research effort concerning a 
number of aspects of the U.S. apple industry. As one aspect, the Marketing 
Economics Division, Economic Research Service, U.S. Department of Agriculture 
(USDA) , is developing an interregional activity analysis model of the industry, 
and some of the demand relationships that were developed as inputs to this 
model are presented here. Other model requirements include data on packing and 
processing costs which have been collected and will be published separately. 

In addition, personnel in colleges in major apple -producing areas are cooperat- 
es* formally and informally, in related research. 
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SUMMARY 


Retail demand for fresh apples rose during 1966/67-1968/69, after remaining 
essentially unchanged from 1963/64 to 1965/66. By 1968/69, consumers maintained 
a given level of per capita consumption at a price level 3 cents a pound higher 
(deflated) than in 1963/64-- the beginning of the period studied. Demand appeared 
to drop sharply in the final season examined-~1969/70--but this shift was 
probably due to a lower quality crop instead of a real decline in demand. In 
six of the seven seasons studied* per capita net movement explained more than 91 
percent of the variation in retail price. In the seventh season, such movement 
accounted for 80 percent of the variation. 

The relatively small shifts in demand from 1963/64 to 1965/66 had limited 
impact on total revenue from sales of fresh apples. However, the rapid increase 
in demand during the next three seasons contributed substantially to the higher 
total revenue- -about $25 million in 1966/67, $48 million in 1967/68, and $33 
million in 1968/69. The apparent decline in demand during 1969/70 had a nega- 
tive effect on total revenue of nearly $85 million, but this loss was more than 
offset by gains due to other factors, particularly increased fresh apple move- 
ment and inflation. Again, the loss probably reflected the lower quality of 
the crop, not a change in the demand relationship. 

Population growth, another contributor to higher total revenue, accounted 
for $5-6 million of total revenue each season. Inflation had considerably more 
significance, contributing $48 million in 1968/69 and 1969/70. This amount 
more than canceled out the entire gain in real revenue of 1969/70. Season-to- 
season changes in fresh apple movement had relatively large effects on total 

revenue, ranging from a $38-million loss in 1965/66 to one of $66 million in 
1 969/70 * 


Total revenue would have been increased by larger movements of fresh apples 
in all seasons of the year and by reallocation of a given seasonal supply from 
fall and winter to spring and summer. Price flexibilities, used to show intra- 
seasonal demand, represented the percentage change in price that accompanied a 
1-percent change in net movement. In each season and time period, price flexi- 
ities wer.e negative and less than one; a 1-percent change in per capita net 
movement was associated with a less than 1-percent change in price in the oppo- 
site direction. Largest price responses occurred during September -November , 
the period of greatest average movement. 


Omission of prices for Delicious apples from the Bureau of Labor Statis- 
tics retail pricing sample represented the most serious limitation in data. If 
Delicious varieties had been included, the U.S. average deflated seasonal prices 

have Wn 6 t° Jv/ CentS 3 P ° Und higher and P rice flexibilities would 

have been, reduced 7 to 10 percent. 
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have been available for a demand analysis involving time series. Consequently, 
to include enough observations for statistical validity, a long time period has 
had to be u$ed--generally 15 years or more. As a result, the assumption that 
the demand shifters remain unchanged becomes unacceptable. Researchers have 
adjusted by including these variables in their analysis to the extent possible. 
The resulting demand relationships are well suited for predicting but less 
satisfactory for determining shortrun shifts in slopes and elevations or for 
estimating price flexibilities. 

Time series data were used in this report but the analysis was based on a 
relatively short period; a separate regression was run for each season. Seven 
seasons were analyzed--1963/64-1969/70. The seasonal approach was made possible 
by the availability of high-quality monthly price and movement data. But having 
only 12 observations per season limited the number of independent variables and 
only one was used--net monthly movement of fresh apples. For this simplified 
specification of th,& demand equation to approximate true demand, the assumption 
n other things equal" must be reasonably met. The effect of population growth 
was eliminated by converting movement data to a per capita basis. Changes in 
monetary value were controlled by deflating monthly fresh apple prices with 
monthly Consumer Price Indexes (CPI). For other demand shifters, it was neces- 
sary to assume that their impact during the relatively short time of one season 
was small. Previous research supports this assumption to the extent that change 
in consumer income and in prices of substitutes were generally fpuhd to have 
limited impact on demand for fresh apples. 

If these techniques are effective and the assumptions correct, changes in 
the single independent variable --net monthly movement — should explain a major 
portion of changes in fresh apple prices. 

Seasons were arbitrarily set to extend from September through August, be- 
ginning with the heavy fall harvest when apples go into storage and continuing 
through the marketing period which is essentially completed by the end of 
August. In June, July, and August, fresh apples from the new crop are on the 
market. Generally, -the volume of new apples exceeds that of stored apples only 
in August, 

.Parts of the analysis were based on periods rather than months. Within a 
season, the volume of monthly movement varies greatly- -from less than 60 million 
pounds to around 500 million pounds. Over such wide variations, price flexibi- 
lities along a linear demand curve also vary considerably, with important intra- 
seasonal implications. These are doubly significant for fresh apples because 
not only are the variations over the season large, but also closely and consist- 
ently related to time. Therefore, the season was divided into four 3-month time 
periods. These periods fell into a consistent relationship with regard to their 
position on the demand curve (fig.. 1). Consequently, price flexibilities at 
points on the demand curve could be related both to a quantity flow and a time 
period. The months included in each period are as follows: 

Period I--September , October, November 
TT -December, January, February 
h, April, May 
July, August 
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Figure 1 
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A single -equation, least-squares method was chosen for the analysis. To 
justify its use when the objectives involved estimating structural coefficients 
a to e shorn that supplies moving into market channels, consumers' income 1 
and supplies of competing commodities were not significantly affected by current 

retail prices. The latter two conditions are generally easily accepted but the 
iLirsti is not, 

~ , Total apple production in any given season depends on the number and vield 
earing trees. These variables are not influenced by apple prices for that 
season. That is, total production for a particular season is predetermined! 

It: 1 !/! SS Clear , how total P roducfc ion is allocated between fresh and proc- 
ssing outiets. But the contention here is that much rigidity exists in the 

. . ° Ca procedure and that current prices have limited influence. The valid- 

factors serve t tn e ”?ft V - r M eS considerabl y a ™>*g producing regions. But many 
factors serve to lock in' current production to one outlet or the other-vari- 

y of apple, cultural practices, forms of contracts, availability of market 

availability of storage facilities, and condition of the crop. These 

of much^f threap? 37 WBrrtd * the effect of current P^ as the allocation’ 


marketiuv°^%r her e tha l CUrrent pric6S may als ° Primarily determine the seasonal 
need t-n S ? 1*?™ f ° r , the stored P°rtion of the crop. Condition of the crop 
lets nacu- in 3 n . 3 W ° r f ° rce > advantage of regularity in supplying market out- 

Craseauen^l P£ uT 1 ° fcher variables strongly influence the flow to market, 
t r? S patterns tend to be very similar from season to season 

tors D ff !f!? CeS d ° ° CCUr Can usuall y be attributed mainly to fac- 

tors such as condition of the crop, time of harvest, weather, and so on. 

seem to^rSLed in the allocation procedure would thus 

a ^ d d the least_s quares single-equation method should provide 

a reasonably accurate estimate of the desired structural coefficients. P 


SOURCES AMD TYPES OF DATA 

Augusf wi y P Re^T d ? uantity data were used September 1963 through 
Labor siIt2; t ics ^Lsr C n% ar n C ° llected and Published by the Bureau of 

No 1 w us Jl! ^ ? Snt ° f Labor > for all-purpose apples, U.S. 

1 l a,,c y ■ medium-sized . (BLS excludes cooking apples and all vari- 

a aticat l ire“' S a^ P , l r ) - f? 39 StLa P ?dMat™ p oUtan 

of the UnUed spates PwT selected to represent all urban arena 

r cne united States. Prices are recorded monthly on Tuesday, Wednesday or 

Ss"gent° eatherd^fi^t Prying the 15th day of the month. In each city, 

these statiftics by volume C of 1 saies t by r each S st“e re8 ihrrea^I • St ° r<!S and 7^ 
prices are weighted by population to liltt aVera8a * 

171 f°« 0 !!^ f .r nthly movement P e r capita were calculated from Interna- 

tre^n ^ n - re ?r ; o from USDAr8 Consumer and Marketing Service 
oreign Aenot.ir.ural Service import and export data, and Statistl- 

orage reports. September statistics had to be ad- 
representative of the time of month during which 



Table 1. Net monthly movements of fresh apples as a percentage of total seasonal movement, 1963/64-1969/70 



a) 

1 HW4^0^r40\OHCMNN 

o 


fcC 

1 

• 


cd 

1 HsfHMOOO^OOVDnrlH 

o 


M 

1 H rH rH rH rH rH 

o 


0) 

1 

1 1 — 1 


> 

1 



C 

1 

t 

[ \ 


u 


1 


a 


1 


CD 


1 


b 


1 


CD 

o> c 

i cnr^<tcviovcor^cvjcocMvof^ 

o 

> 

vd r- 

1 iiri«»t.a**i« 

■ 

O 

cn 

1 OViHCOCnHrHOOVVO<frHH 

o 

B 

t — i 

1 tH i — 1 H H H 

o 



1 

H 

4-J 


1 


CD 


1 


a 

•• • 



rH 


1 




1 


a 

co av 

i r^ocNcno^ror^r^-OrHmvo 

o 

o 

vO vO 

i **••***•»«•« 

• 

CO 

OV ^ 

1 CNvO<OOOVCT\OOh-vO<OrHrH 

o 

tCJ 

rH 

1 H rH tH H 

o 

a> 


1 

H 

CO 


1 


tH 

,, ,, 

1 


cd 


1 


4-1 




o 


1 


4J 

co 

i <f(NCNJh-(O'd'<j-cN)c0'Ovtst 

o 


VO vO 

i 

V 

MM 

OV ^ 

1 HinnCNO^^MOMHH 

o 

O 

1-1 

1 tH rH rH rH rH 

o 



4J 


rH 



d 



o 


<D 



*H 

4 t « * 

O 



4-J 


U 



n 


0) 



o 


PM 



p 

vo r- 

i r^<to~)vo<tvoc\)^oo>rooo 

o 

o 

vO vO 

| 


n 

CT\ 

1 OCOrHCNiOOVOVOOvOvtrHCM 

o 

p 

i — 1 

l rH tH tH rH rH 

o 



{ 

rH 

cd 


1 


CO 

M M 

1 


cd 


1 


+j 


1 


d 

LO VO 

1 CO CO <N 00 O (T> H 00 H M <J* <t 

o 

aj 

VO VO! 


* 

{3 

cr> \ 

i tHcOtHCOrHOVOrsvOCO rH 

o 

0) 

r-H 

| rH rH tH H rH rH 

o 

> 


1 

rH 

a 


1 


B 


1 


1 >> 


1 


r— 1 


1 




1 


4J 


1 OCOmOCHvOOLOrHincOO 

o 

d 

VO VO 

1 • 

* 

o 

CTi 

1 M in rH OONOr^vOC^lHCVJ 

o 

0 

rH 

1 HHHHH tH 

o 



» 

rH 

-u 


r 




i 


Js; 

4« < 1 

i 

i 



CO <t 

1 

1 vOCOCOm<trHC>vOa>(OrHf'^ 

o 


vD vO 

1 i i • 



cr. ^ 

1 Ch<fOCO(NrHOr^<tC\JHH 

o 

i 

rH 

| rH rH H H rH rH 

o 

•• 

4 • «« 


tH 


-d 

■ * • t ■ « t i i t « • 

* « » ♦ * • «**•«* 

* « • » » • t • « • | | 

4 1 

t 

4 

4 

» 

• 


4-J 




Ej 

M 1 • ♦•!*«« 



o 

<1) HM 



rC M O d) M ■ • • • * 

tH 



B <1> rP U Cd * * • 4J 

cd 



Hj^adnJP.TlH • CO 

4-1 



4JoaJa )Phoh v >x a 

o 



PM4J > 0 d tC U H N ti H So 

H 



a) o o a> cd OJnjpMcd 3 p p 







5 



prices were collected; that is, Tuesday, Wednesday, and Thursday of usually the 
first full week. The situation arose because the apple harvest accelerates rap- 
idly during September and movement to fresh markets also quickly increases. To 
illustrate, the average volume for August during the seven seasons studied was 
54.1 million pounds. The average September volume was 358.0 million pounds, and 
for October, 457.7 million. Thus, the rate of movement during the first week in 
September (when prices are collected) was always considerably below the average 
for the month. Since nothing could be done about the time of pricing, fresh 
movement for September was adjusted as though the rate of the first week pre- 
vailed throughout the month, (Calculation procedures are explained in the appen- 
dix.) 


SEASONAL DEMAND FOR FRESH APPLES 

Initially, for each of the seven seasons included, a least-squares regres- 
sion was run with deflated U.S. average monthly retail prices on net per capita 
monthly apple movements to the U.S. fresh market (table 2). For all seasons, 
net monthly movements to the fresh market explained a large portion of the vari- 
ation in monthly retail prices, For the first six seasons, the relationship was 
particularly close; the coefficients of determination, (R 2 ) , ranged from 0,910 
in 1963/64 to 0.957 in 1967/68. In the final season 1969/70, the relationship 
was not as close; the coefficient of determination dropped to 0.805. The rela- 
tively poor fit is probably related to the low quality of part of the 1969/70 
crop. 


The seven equations are show graphically in figure 2, Each regression was 
extended over the actual range of net per capita monthly movement for that 
season. The seven linear regressions differed both in slopes and elevations, 
Slopes ranged from a change of 2.486 cents in price for each 1-pound change in 
net per capita monthly movement in 1968/69 to 4.270 cents in 1967/68. The range 


Table 2. --Estimated demand relationships for fresh apples, 1963/64-1969/70 


Season 

Constant 

term 

Regression ’ 
coefficient .* 

"t" 

value 

Standard 
error of 
estimate 

Coefficient 

of 

determination 

1963/64 .... 

0.20466 

-0.03161 

10.05 

0.00856 

0.910 

1964/65 .... 

.19853 

-.02679 

11.71 

.00585 

.932 

1965/66 .... 

.21677 

-.03912 

10.76 

.00831 

.921 

1966/67 .... 

.21549 

-.03330 

10.59 

.00657 

.918 

1967/68 .... 

. 24424 

-.04270 

14.90 

.00669 

.957 


.22570 

-.02486 

13.64 

.00425 

. 949 


1 

-.02637 

6.43 

.00989 

.805 




ADJUSTED . 










in elevations of the seven regressions at a given per capita movement generally 
was close to 4 cents. Another possible difference, not visible in figure 2, is 
among the variances. Unless the hypothesis of equal variances holds (cannot be 
rejected), little can be said concerning slopes and elevations. Separate tests 
were made for homogeneity of variances, slopes, and elevations of the regres- 
sions. 

In a test for homogeneity of variances, the mean square of deviations from 
the regression for each season after 1963/64 was compared with the mean square 
for 1963/64 to see if they were statistically equal. This hypothesis could not 
be rejected, except for 1968/69 at the 5-percent level but not at the 1-percent 
level (table 3), In other words, the assumption of a common variance among the 
seven seasons could reasonably be accepted. Thus, slopes and, more importantly, 
elevations could be compared. 

For the analysis of slopes, each successive regression coefficient, or "b f1 
value, was compared with that of the base season-~1963/64. Specifically, the 
hypothesis being tested was: 

Ho: b 1963/64 = b 1964/65 


b 1963/64 = b 1969/70 

F = mean square for regression coefficients 
mean square within samples 


Table 3.— Test for homogeneity of variance for fresh apples, 1963/64-1969/70 


Season 

Mean squares of 
deviations from 
regression 

: Ho: 

: F 

: value 
: 1/ 

: Conclusion 

1963/64 

0.000073243 






1964/65 .... 

.000034195 

s 2 1963/64 

- s 2 1964/65 

2.14 

Cannot 

reject 

1965/66 .... 

.000069138 

do. 

= s 2 1965/66 

1.06 

Cannot 

reject 

1966/67 .... 

.000043112 

do . 

= s 2 1966/67 

1.70 

Cannot 

reject 

1967/68 ....i 

.000044789 

do. 

- s 2 1967/68 

1.64 

Cannot 

reject 

iqar/69 ! 

.000018074 

do . 

= s 2 1968/69 

4.05* 

Reject 

at .05 

\ 

lit 

,000097866 

do . 

= s 2 1969/70 

1.33 

Cannot 

reject 


7, 9; 0.05 = 3.18 and 0.01 = 5.35. 



The hypothesis that each "b" value was equal to that of 1963/64 could not 
be rejected, except for 1967/68, at the 5-percent level but not at the 1-per- 
cent level (table 4). The "b" value for 1967/68 was considerably larger than 
in other seasons. The regression had a steeper slope: 4.270-cents change in 
price for each 1 -pound change in per capita movement, compared with 3.161 cents 
in 1963/64. The F-test indicated the difference was greater than could be ex- 
pected from that due to sample variation. The relatively minimal 1967/68 crop 
partly explains the larger difference--total per capita movement was 15.250 
pounds, smallest of the seasons studied. With such a crop, a given change in 
per capita movement apparently has a greater impact on price. The next smallest 
per capita movement was in 1965/66 and the regression for that season had the 
next steepest slope. However, this slope did not prove to be statistically 
different from that of 1963/64. Therefore, except for 1967/68, the slopes of 
the various regressions did not differ statistically from that of the base 
sea son- -1963/64. 

The preceding tests justified reasonably well the assumptions of homogene- 
ous variance and similar slopes among the seven regressions. Thus, the more re- 
levant question of differences in elevation could be considered. In other words, 
changes in the level of demand over the seven seasons could be examined. Spe- 
cifically, this test answers the question: if net per capita movements were the 
same each season, would prices have been the same? Again, each. regression was 
compared with the base year~~1963/64. 


Table 4. --Comparison of slopes of seasonal price movement regressions for 

fresh apples, 1963/64-1969/70 


Season 

Regression 

coefficient 

; 

do: 

: F : 

lvalue 1/ : 

Conclusion 

1963/64 .... 

-0.031613 






1964/65 .... 

-.026794 

b 1963/64 

= b 1964/65 

1.52 

Cannot 

reject 

1965/66 

-.033301 

do * 

- b 1965/66 

2.44 

Cannot 

reject 

1966/67 .... 

-.039121 

do. 

= b 3. 966/67 

1.45 

Cannot 

reject 

1967/68 .... 

-.042705 

do. 

- b 1967/68 

6.57* 

Reject 

at .05 

1968/69 

-.024860 

do . 

- b 1968/69 

3.13 

Cannot 

reject 

1969/70 .... 

-.026371 

do. 

= b 1969/70 

1.05 

Cannot 

reject 


1/ F a mean square for regression coefficient 
mean Bquare pooled 

* Significant at the .05 level. 


1 

F = 0.05 = 4.35 and .01 
20 


8 . 10 . 
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The hypothesis that deflated prices would have been the same as in 1963/64 
if per capita quantities had been the same could not be rejected for 1964/65 and 
1965/66 (table 5). The level of the regressions in these three seasons was not 
statistically different. Subsequently, demand apparently began increasing and 
the hypothesis was rejected for 1966/67, 1967/68, and 1968/69. The differences 
were progressively greater, indicating an upward-shifting demand curve. The 
trend sharply reversed in 1969/70, when the regression shifted back to about the 
1963/64 level. However, for several reasons, 1969/70 data were not comparable 
with the other seasons. Most important was the generally low quality of the 
Washington crop, caused by a severe freeze the preceding winter. Much of this 
crop did not come out of storage in the condition expected by the trade and by 
consumers. 

A further complication was that Delicious varieties, which make up most of 
the Washington crop, were not in the BLS pricing sample. On the other hand, 
most of the varieties in Che sample were of satisfactory quality in 1969/70. 

The important question then, was how the quality of the Washington crop affected 
prices for other apples. Some industry leaders believed there was a depressing 
effect on all apple prices. This situation could have resulted if people who 
bought low-quality Washington apples did not associate them with that area but 
rather with apples in general. If so, the prices received for the 1969/70 U.S 
crop would have been lower than in the three previous seasons even if per capita 
movements had been the same. Thus, the situation in 1969/70 probably did not rep 
resent a true decline in demand. Instead, the seasonal regression represents 


Table 5. --Comparison of elevations of seasonal price movement regressions for 

fresh apples, 1963/64-1969/70 


Season 

Unadiusted means 
Price * Quantity 

Ho: Would price be the 
same if quantity ware 
the same? (F value 1/) 

: Conclusion 

1963/64 

15.92 

1.4363 





1964/65 

16.14 

1.3850 


0.03 

Cannot 

reject 

1965/66 .... 

17.33 

1.2658 


.37 

Cannot 

reject 

1966/67 .... 

16.86 

1.2317 


7.80* 

Reject 


1967/68 .... 

19.26 

1.2097 


49.43** 

Reject 


1968/69 .... 

19.42 

1.2651 


106.36** 

Reject 


1969/70 

16.42 

1.4214 


1.45 

Cannot 

reject 


1/ F = mean square, adjusted means 1 

5 F = 0.05 = 4.32 and 0.01 = 8.02. 
21 


i square common 
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demand for a different (lower quality) product not directly comparable with the 
other seasons. The fact that both size of the crop and seasonal per capita 
movement in 1969/70 were largest of the seven seasons studied probably had little 
to do with the shift In regression. Another year's data for apples of normal 
quality would be needed for a complete evaluation. 


I NTRAS E AS ONAL DEMAND FOR FRESH APPLES 

In this report, as mentioned, demand is represented by seasonal linear re- 
gressions of monthly prices on monthly net movements. Shifts in the line within 
a ’given season were not permitted. Therefore, intraseasonal demand is pi'esented 
as the difference along a given regression in relative changes in pr*ice and 
quantity. To be specific, the analysis is in terms of price flexibility, defined 
as the percentage change in price that accompanies a 1 -percent change in quantity. 
For example, a price flexibility of -0.3000 indicates that a 1-perceut change in 
quantity was associated with a 0 . 3-percent change in price in the opposite direc- 
tion. Price flexibility is particularly important for fresh apples due to the 
wide variation in volume of movement among the 12 months of the season and the 
consequent, large differences in relative changes in price and quantity among 
those months. 

Two aspects of price flexibility are presented--current values and trends. 

The test for homogeneity of "b" values showed that except for 1967/68, slopes of 
the regressions did not differ statistically from the base season 1963/6A. The 
large shift in elevation of the 1969/70 regression probably did not represent a 
shift in demand but rather the measurement of a different (lower quality) com- 
modity. Therefore, in analyzing price flexibility, data for 1967/68 and 1969/-70 
were excluded. For the remaining five seasons, slopes of the regression 
could be considered parallel and the analysis was thus confined to differences 
due to elevations of the regressions and location on the regressions. The model 
used permitted season- to-season shifts in the level of each regression but not 
in the slope. Zero-one shift variables were used, where 

p mt = a + b l x lmt + b 2 x 2 + b 3 x 3 + b 4 x 4 + b 5 x 5 

P mt * deflated retail price per pound for apples in 
month m and season t 

X l.mt ” net movement of fresh apples in month m and 
season t 

x 2 “ x 5 "" zero “ one sb fff variables for season in which 1964/65 
= X 2 , 1965/66 = X 3> 1966/67 « X 4j 1968/69 = X 5 . 

Results for the five seasons were as follows: 

P mt = 0.20359 -0.03087 X lmt +0.00058 X 2 +0.00302 X 3 +0.00882 X 4 +0.02971 X 5 
(22.04)** (0.19) (0.98) ( 2 . 86 )** (9.66)** 

R 2 - 0.923 F « 130.16 S.E. = 0.00754 

Asterisks indicate significance at the .01 leve.1. 
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Quantity and seasonal shift variables in the model accounted for 92 percent 
of the price variation during the five seasons. As would be expected from re- 
sults in the preceding section, the shift variables for 1964/65 and 1965/66 were 
not significant, In other words, the levels of these regressions did not signif- 
icantly differ from 1963/64. However, the variables for 1966/67 and 1968/69 were 
significant at the 0.01 level. That is, the levels of these regressions did 
differ significantly from 1963/64 and the respective regression coefficients 
measured the difference. Adding these coefficients to the 'a' value determines 
seasonal regressions. Since the first three seasons were essentially the same 
in elevation, the second and third were eliminated and the period was represented 
by 1963/64, 1966/67, and 1968/69. The regression for each season was: 

1963/64: 

P „ = 0.20359 - 0.03087 X m . 
mt mt 

1966/67: 

P mt " °- 21241 ' °- 03087 *mt 

1968/69: 

P - 0.23330 - 0.03087 

* 

For convenience and simplification, price flexibilities were calculated at 
four points on each regression. The same points were used in each season and 
represented the average net movement for each 3-month period during 1963/64- 
1968/69. 


Period : Months included : Average pounds per 

; : capita per month j/ 

I : Sept. - Nov. 2.052 

II : Dec. - Feb. 1.758 

III : Mar. - May 1.266 

IV : June - Aug. .312 


JL/ These calculations were made before data for the 7th 
season were available. Its addition changed the averages 
as follows: 1-1.973, II— 1.816, III--1.312, IV— 0.330. 

Effects on price flexibilities of declining quality over the season and re- 
lative changes in prices of substitutes could not be adjusted for or estimated. 
However, the effects were probably small. 

'’rice flexibilities were all negative and less than one, indicating that a 
mt change in net movement was accompanied by a less than 1-percent change 
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in price in the opposite direction (table 6). In each season, the largest re- 
sponse in price to a change in movement occurred in period I (September-November) , 
during which the largest average movement took place. Price responses were next 
largest in period II, followed by III and IV. 

In period I (Septenber-November) of 1963/64, a l~percent change in net move- 
ment was associated with a 0,45-percent change in price in the opposite direction. 
This price response was the largest encountered in any period or season. In the 
second period (December-February) , the price response to a 1-percent change in 
quantity was 0.36 percen , compared with 0.24 percent in period III (March-May) 
and 0.05 percent in period IV (June -August) . Because seasonal marketing patterns 
are quite stable for apples, these points on the regression can also be related 
to net monthly movements. Price flexibility decreased as net monthly movement 
became smaller. For the next two seasons, 1964/65 and 1965/66, no appreciable 
shift in demand occurred; thus, price flexibilities remained essentially un- 
changed. 

By 1966/67, however, the seasonal linear regression indicated a significant 
upward shift in demand, amounting to a nearly 1-cent increase in price (deflated) 
at all quantities. In other words, compared with 1963/64, consumers took a given 
quantity of apples at a price that was nearly a cent per pound higher. This 
shift made price flexibi ities at each point smaller; that is, the percentage 
change in price in response to a given percentage change in net movement was re- 
duced, although minimally. 

♦ 

By 1968/69, demand is represented by the seasonal linear regression had 
again shifted upward. Compared with 1963/64, consumers took a given quantity 
of apples at a price (deflated) nearly 3 cents a pound higher. This sizable 
shift reduced the price flexibilities substantially. In 1968/69, a 1-percent 
change in net movement in period I (September-November) was accompanied by a 
0.37-percent change in price, compared with 0.45 percent in 1963/64. Price 
flexibilities in the other periods of 1968/69 were also smaller than in 1963/64. 


Table 6. --Price flexibilities for fresh apples, by period for selected seasons, 

1963/64-1968/69 


Season 

Period 

I— 

Average 
consumption— 
2.052 lbs. 

: II— 

: Average 

: consumption— 

: 1 . 758 lbs. 

: III— 

: Average 

: consumption— 

: 1,266 lbs. 

: IV— 

: Average 

: consumption— 

: 0.312 lbs. 

1963/64 

-0.4512 

-0.3634 

- 0.2376 

-0.0497 

1966/67 

-.4249 

-.3432 

-.2255 

-.0475 

1968/69 .... 

-.3727 

-.3031 

-.2012 

-.0431 
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Thus, from 1963/64-1968/69, price response to changes in net movement declined. 

As a result, the impact of changes 'in net movement on total revenue trended up- 
ward. Therefore, although a larger net movement would have increased total rev- 
enue in all periods of all seasons studied, the effect on total revenue became 
progressively greater from 1963/64 through 1968/69. These data suggest that the 
trade at wholesale and retail levels would favor increased supplies of fresh 
apples. However, the supply of fresh apples is essentially the growers' deci- 
sion, involving a derived rather than retail demand; thus, a different conclu- 
sion may result. 

Total revenue could also be raised by reallocating supplies from periods 
of higher price flexibility to periods of lower price flexibility--that is, from 
periods I and II to periods III and IV--if prices in the latter periods are equal 
to or greater than those in the earlier periods. Allocation of supplies over the 
season is likewise the growers' decision; and their view of optimum allocation 
will probably not be optimum from the retailers' standpoint. Therefore, calcu- 
lations to determine maximum revenue that are based on these retail price flexi- 
bilities would be fruitless. However, the trend towards extending the season 
and increasing controlled atmosphere storage, though based primarily on growers' 
decisions, benefits retailers also. 


DATA LIMITATIONS 

The most serious shortcoming, in data was the exclusion of Delicious varie- 
ties from the sample used by BLS to estimate apple prices, For lack of better 
data, BLS prices were used in this report. However, as Delicious apples com- 
prise an important part of the fresh market, the consequences of their omission 
need to be considered. 

If demand estimated in this report is to represent a composite of all fresh 
apples, price changes for Delicious apples must approximate such changes for 
other varieties that are priced. • Otherwise, a substitution effect will occur 
between BLS-priced apples and Delicious apples. The resulting shifts in demand 
will apply only to the priced apples. To account for and compare price changes 
in the two groups, it was necessary to estimate U.S. average retail prices for 
Delicious apples. Available data include: 


: Retail price per pound for-- 

City : Apples in BLS : Eastern : Western 

: sample : Delicious : Delicious 


Atlanta :. : x x 

Chicago : x x 

Los Angeles : x x 

New York : x x x 

Pittsburgh : x x 

Seattle : x x 

U.S. (56 cities) x 



Prices for Eastern Delicious in three cities and Western Delicious in four 
cities were expanded to obtain a U.S. price, Two adjustments had to be made: 

(1) the relationship of prices of the two Delicious types in their limited sam- 
ples to BLS prices in the same cities needed to be determined; and (2) the rela- 
tionship between BLS prices in the three- and four-city samples and the U.S. 
(56-city) sample had to be found. The net effect of these two adjustments for 
Eastern Delicious applet was used to convert the three-city average price for 
this type to a U.S. average price. Similarly , the four-city Western Delicious' 
price was converted to a U.S. price. Respective seasonal supplies were used to 
weight these two prices o obtain a U.S. seasonal average price for all Delicious 
apples. Season- to-seasow changes in this price were determined and compared with 
price changes for BLS-prLced apples (table 7). Season- to-season price changes 
in the two groups of apples differed by 0,5 cents or less--four out of six times. 
The other two changes were 1.2 and 1.3 cents. The changes in the two groups 
were within 3 percentage points each season, except in 1966/67, when the differ- 
ence was 5.8 percentage points. The cross elasticity between these two groups 
of apples was undoubtedl high and demand was therefore quite sensitive to rela- 
tive differences in pric changes. However, the differences were considered 
small enough so the substitution effect could be ignored. 

These steps reduced the task to estimating how much BLS apple prices would 
have been raised if Deli ious types had been included in the BLS sample. Accord- 
ing to these estimates, he inclusion would have raised the BLS seasonal average 
price by amounts ranging from 1.4 cents a pound in 1966/67 to 2.1 cents a pound 
in 1969/70 (table 8) . These values were deflated with the Consumer Price Index 
to make them comparable jith data used in the original regression; deflated 
values were 1.6 cents in five seasons, 1.7 cents in one season, and 1.2 cents in 
the other season. 

The 1969/70 season was used to show what demand and price flexibilities 
would have been if Delicious types had been in the BLS sample. The effect was 
assumed to be the same each month (the slope of the regression did not change). 
The adjusted price shifted the price-net movement curve upward (fig. 3). Price 
flexibilities on the new curve were smaller at all volumes of net movement. The 
extent of these changes is shown at four points along the curve (once for each 
time period). In each case, adding the Delicious varieties reduced price flex- 
ibility (table 9) . For example, if a 10-percent change (which is fairly large) 
were to occur in net movement in period I, the price would have changed 3.7 per- 
cent without Delicious apples and 3,3 percent with them. 

Because the effect of omitting Delicious types from the pricing sample was 
apparently moderate and subject to considerable error in measurement, the esti- 
mates were not made for other seasons. However, the price effect in 1969/70 
was nearly identical to the effect in five other seasons. Thus, the effect on 
price flexibilities would have been similar to the effect in the five other 
seasons also. In the 1966/67 season, the price effect was significantly less 
than in 1969/70 and the change in price flexibilities too would have been re- 
duced . 
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MONTHLY MOVEMENT PER CAPITA 

% ADJUSTED FOR ADDITION OF DELICIOUS APPLES. 







Table 7. — Season-to-season price changes for BLS-priced apples and Delicious apples, 1963/64-1969/70 
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Delicious added .3307 .2705 .1558 .0393 



MONETARY IMPACT OF CHANGES IN DEMAND 


The main use of information about demand for a particular commodity relates 
to revenue from that commodity. Changes in demand can be an important component 
of changes in revenue but other factors may be significant also. To add per- 
spective and relevance, monetary value was estimated for the changes in demand 
as well as for three other major contributors to changes in total revenue — popu- 
lation growth, variations in total seasonal fresh movement, and inflation. These 
four account for a large portion of total season-to-season changes in revenue 
from the fresh apple crop, which were also estimated. 

Total seasonal revenue at retail was found by multiplying net fresh move- 
ment data and BLS retail prices adjusted to include Delicious varieties. This 
estimate was made for each September-August period during 1963/64-1969/70. 

From these data, season-to-season gains or losses in total revenue were calcu- 
lated . 

The monetary effects of shifts in demand, population growth, changes in 
total seasonal net movement, and inflation were determined from appropriate net 
fresh movement data and prices estimated from regression equations developed for 
this report. Because of statistical error in the estimating procedure and omis- 
sion of other variables that contribute to changes in revenue, the sums of these 
four factors only approximate -total changes in revenue. 

Total revenue from the sale of fresh apples increased each season studied 
except 1965/66 (table 10). Gains ranged from 5 percent in 1969/70 to 15 per- 
cent in 1968/69 and averaged 10 percent. The decline in total revenue in 
1965/66 was 7 percent. In dollar amounts (undeflated), the range was from a 
decline of $43,389,100 in 1965/66 to a gain of $104,851,000 in 1968/69. 

Inflation persisted throughout 1964/65-1969/70 and contributed increasingly 
to the retail value of fresh apple sales. In 1964/65, inflation accounted for 
about $10 million, or 23 percent of the growth in total revenue. By 1969/70, 
the figure had risen to $48 million which was more than the gain in total revenue. 
Thus , although total fresh sales increased in current dollars, they declined 
when measured in constant dollars. 

increasing steadily over the seven seasons, population made up a relatively 
small but consistent amount— $5-6 million seasonally. However, season-to-season 
changes in fresh apple movement caused a relatively large and greatly fluctuating 
monetary impact on total revenue. The value of these changes moved in the same 
direction as total seasonal movement, indicating price flexibilities of less^ 
than one. In two seasons, 1965/66 and 1967/68, total movement declined from the 
preceding season and the impact on total revenue was negative— $38 million and 
$26 million, respectively. In the other seasons, increases in total movement 
contributed to gains in total revenue by amounts ranging from $12 million in 
1964/65 to $66 million in 1969/70, 

Demand shifts in the first three seasons studied were relatively small and 
not statistically significant. In 1964/65, the value of the increase in demand 
over 1963/64 was estimated at about $10 million. The following season, a de- 
crease in demand accounted for $6 million of the decline of $43 million in total 
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revenue. However, in the next three seasons, demand shifted upward and contri- 
buted substantially to total revenue increases--about $25 million in 1966/67, 

$48 million in 1967/68, and $33 million in 1968/69. The monetary impact of the 
apparent decline in demand that occurred in 1969/70 was a revenue loss of nearly 
$85 million. But this loss was more than offset by gains due to other factors, 
particularly total fresh movement and inflation. As has been previously ex- 
plained, this $85-million loss probably resulted more from the generally lower 
quality of the crop than from an actual decrease in demand. Put another way, 
the increases in demand in these seasons, with population, fresh movement, and 
the price index unchanged, raised total revenue 4.3 percent in 1966/67 7.4 

percent in 1967/68, and 4.6 percent in 1968/69. 
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APPENDIX: CALCULATIONS USED IN STUDY 


I. --Procedure for calculating monthly quantity of fresh apples (net movement). 

For the study, the most desirable quantity data statistic -would have 
been a consumption figure to go with each monthly price. Although such a 
statistic Is not available, a reasonable substitute was found in monthly 
net movement to the fresh market. The figures were calculated as follows: 

A. --For December, January, and February (period II) and March, April, and 

May (period III) — 

1. --Apparent fresh movement 

(from International Apple Association Reports) 

2. --Less exports „ 

(from Foreign Agricultural Service (FAS), USDA) 

3. --Plus imports 

(from FAS) 

4* --Gives monthly net fresh movement 

B. — For June, July, and August (period IV)-- 

1 . --Determine total monthly carlot unloads of summer apples in 41 cities 
by adding unloads from the following States, as Indicated. Convert 
carlots to pounds by multiplying by 37,720 (820 boxes times 46 
pounds) (from Consumer and Marketing Service, USDA). 

New Hampshire (July and August) 
New Jersey (July and August) 

New Mexico 

New York (% of July and all of 
August) 

North Carolina 
Ohio 

Oklahoma 

Oregon (July and August) 
Pennsylvania (July and August) 

Rhode Island (July and August) 

South Carolina 
Tennessee 
Texa s 
Utah 

Michigan (% of July and all of August) Vermont (August) 

Minnesota Virginia (July and August) 

Missouri West Virginia 

Wisconsin 


Alabama 

Arkansas 

California (July and August) 

Colorado 

Connecticut 

Delaware 

Georgia 

Idaho 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Maryland 

Massachusetts (July and August) 
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2 . --Determine movement out of cold storage as follows: (from Summary of 
Regional Cold Storage Holdings, Statistical Reporting Service (SRS) , 
USDA) 

a, --End of May holdings less end of June holdings equals 
June movement . 


b.--End of June holdings less end of July holdings 
equals July movement 


c. — End of July holdings equals August movement 


3, --For each .month, take quantities from steps B-l and B-2 above and 
adjust with exports and imports as follows: 

a. — Direct movement of summer apples (B-l) 


b,--Plus storage movement (B-2) 


c. --Less exports 

(from FAS) 

d. --Plus imports 

(from FAS) 

e. --Gives monthly net fresh movement 


C.--For September, October, and November (period I) — 

1 . --Determine fresh movement for period X (September-November) as fol- 

lows : 

a. --Total fresh sales, U.S. commercial apple crop ...... 

(from SRS) 

b. --Less monthly net fresh movement for December-May ... _________ 

c. --Less movement from storage in June-August .......... ________ 

d. --Less summer production for June-August for 

preceding season 

e. --Gives fresh movement for period I 

2 . --Determine unloads in 41 cities for September, October, and November 

and calculate the percentage distribution for each month- - 

September 

October .................... 

November ................... 
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3 * --Allocate total fresh movements for period I from step C-l-e above 
to months in same proportion as calculated in step C-2 above- - 

September 

October . . . . 

November ______ 


4. --For September, October, and November (period I)~- 

a. --Fresh movement from step C-3 above 

b. --Less exports . _ 

(from FAS) 

c. --Plus imports * 

(from FAS) 

d. --Gives monthly net fresh movement ...» * 

D. --Divide each total for monthly net fresh movement as calculated in step 
A-C above by respective monthly total resident population (U.S, Depart- 
ment of Commerce) to get monthly net per capita fresh movement. 

II . --Procedure for adjusting net fresh movement data for September: 

Fresh movement data for September were not representative of the time 
of month during which prices were collected; that is, Tuesday, Wednesday, 
and Thursday of usually the first full week. Because the rate of movement 
accelerated rapidly throughout the month, the movement during the first 
week (when prices are collected) was always considerably below the average 
for the month. Since nothing could be done about the time of pricing, fresh 
movement for September was adjusted as though the rate of the first week 
prevailed throughout the month. 

For other months of the season, the rate of movement remained generally 
quite' uniform throughout the month and no adjustments were necessary, 

A, — Determine carlot unloads in 41 cities during week in September that BLS 
collected retail prices. 


BLS pricing date 1 

Tuea. 

Wed. 

« 

: Thurs. 

f 

Carlots for week of-- 

Sept. 

1963 

10 

11 

12 

Sept. 8-14 

Sept. 

1964 

1 

2 

3 

Aug. 30-Sept. 5 

Sept. 

1965 

7 

8 

9 

Sept. 5-11 

Sept . 

1966 

6 

7 

8 

Sept. 4-10 

Sept. 

1967 

5 

6 

7 

Sept. 3-9 

Sept. 

1968 

3 

4 

5 

Sept. 1-7 

Sept. 

1969 

2 

3 

4 

Aug. 31-Sept. 4 
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B . --Determine carlot unloads in 41 cities for September. 

C. --Carlots in pricing week divided by carlots in September equals percent- 

age of monthly carlots in pricing week. 

D. --Percentage in pricing week times September net fresh movement as previ- 

ously calculated equals adjusted movement for pricing week. 

E. --Adjusted movement for pricing week times 4.2857 equals adjusted September 

movement . 

P. --Adjusted September movement divided by total U.S. resident population 
on September 1 equals adjusted movement per capita: 


Year 

Adjusted September movement 

1 Adjusted per capita movement 

• 






ound s~ -**-*-- ~ — - - 

1963 

292.0 

1.543 


219.3 

1.142 

1965 

211.1 

1.087 


209.1 

1.065 

1967 

199.3 

1.005 

1968 

257.3 

1.284 

1969 

181.4 

.899 
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jpendix table 1.— U.S. average retail price for fresh apples, undeflated, monthly and by season, 1963/64- 

1969/70 1/ 
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